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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an antenna de-
vice for wireless transmission and reception of informa-
tion using electromagnetic signals, comprising at least
two dipole antenna elements, where each dipole antenna
element comprises afirst dipole arm and a second dipole
arm, which first and second dipole arms are extending
in essentially opposite directions from a respective feed-
ing point end, where the dipole arms are formed in metal
layers on a laminate, having a first side and a second
side, which laminate further has a predefined thickness
separating the first and second side.

BACKGROUND ART

[0002] The dipole antenna element is a commonly
used antenna element, which is applicable in many ap-
plications. The dipole antenna element occurs both as a
separate antenna and in array antennas, and phased
array antennas. The dipole antenna element comprises
two conducting metal rods that usually extend inthe same
plane, in opposite directions from the feeding point, form-
ing two dipole arms. The dipole antenna element further
comprises a two-wire conductor, a so-called balanced
feed.

[0003] The input impedance for a dipole antenna ele-
ment varies depending on length and diameter of the
metal rods, the element is resonant when the length of
each rod or dipole arm is approximately Ay/4, i.e. when
the total length of the element is approximately Ay/2,
where Ay is the effective wavelength in the present ma-
terial configuration. Further, the rod is preferably placed
parallel to a ground plane at an approximate distance of
Ag/4. The wavelength in question corresponds to a fre-
guency within the frequency band for which the dipole
antenna element is designed.

[0004] When several dipole antenna elements are
used in, for example, a phased array antenna, an elec-
tromagnetic coupling occurs between the elements.
[0005] Previously, it has been desirable to minimize
the coupling between adjacent antenna elements, but
nowadays strong coupling between the dipole arms of
adjacent dipole antenna elements can be acceptable, or
even desirable. This strong coupling allows current to
flow on one dipole as a result of current flow on another
in the absence of galvanic contact. Then the current dis-
tribution on the total array structure will acquire such
properties that a relatively broadband array antenna will
be the result, compared to when the coupling between
adjacent antenna elements is minimized.

[0006] A strong coupling is the effect of small spaces
between the dipole antenna elements in the array anten-
na, and this in turn reduces the occurrences of undesired
so-called grating lobes. Grating lobes are undesired ra-
diation pattern lobes that occur when the distance be-
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tweenthe antenna elementsin an array antenna exceeds
Ag/2. As the measure of A,/2 has its lowest value for the
highest frequency, the grating lobes will first occur at the
highest frequency in the frequency band for which the
dipole antenna element is designed. Therefore, the dis-
tance between the antenna elements in an array antenna
must fall below Ay/2 at the highest frequency in the fre-
guency band, in order to avoid grating lobes.

[0007] The coupling between the adjacent dipole an-
tenna elements may be used to balance the intrinsic in-
ductance of the dipole arms. Intrinsic inductance is also
known as the self-inductance of that conductor.

[0008] In order to achieve such an advantageous cou-
pling between adjacent dipole arms of adjacent dipole
antenna elements, it is important that the coupling dis-
tance between the adjacent dipole arms is tuned to an
appropriate value. The coupling distance is a very toler-
ance-sensitive parameter.

[0009] Inpatent US 6,512,487, a dipole array antenna
where the adjacent dipole arms of adjacent dipole anten-
na elements couple to each other, is disclosed. The di-
pole antenna elements are etched on a flexible laminate,
where the ends of each dipole antenna element is con-
figured for an enhanced coupling to the adjacent dipole
antenna element. The enhancement is in the form of in-
terleaved fingers or enlarged portions at the ends.
[0010] There is, however, still a problem with the etch-
ing tolerances in the embodiments enclosed in US
6,512,487, especially for high frequencies.

[0011] The problem with etching tolerances is solved
by means of an arrangement according to the book "Fi-
nite Antenna Arrays and FSS" written by Ben A. Munk,
published 2003, page 185-186, where each dipole an-
tenna element are provided with its dipole arms formed
on one side of a laminate. For a certain dipole antenna
element, every adjacent dipole antenna element has its
dipole arms formed on the opposite side of the laminate,
allowing a part of the respective arms to overlap. This
overlapping of adjacent dipole arms of adjacent dipole
antenna elements allows a controlled coupling to take
place.

[0012] This configuration has a drawback, since in an
array antenna comprising several antenna elements,
every second antenna element is formed on a first side
of the laminate and every second antenna element is
formed a second side of the laminate. This in turn results
in that a lattice with twice the periodicity of an ordinary
array antenna. As a consequence, the number of radar
cross-section (RCS) grating lobes is increased.

DISCLOSURE OF INVENTION

[0013] Itis anobject of the present invention to provide
a dipole array antenna where a controlled electromag-
netic coupling between adjacent dipole arms of adjacent
dipole antenna elements is achieved and where easy
manufacture is allowed, while maintaining a low number
of radar cross-section (RCS) grating lobes.
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[0014] Said objectis obtained by means of an antenna
device as disclosed in the introduction, where each first
dipole arm extend on the first side of the laminate and
each second dipole arm extend on the second side of
the laminate in such a way that the two adjacent dipole
arms of adjacent antenna elements partially overlap dur-
ing a distance.

[0015] Preferred embodiments of the present inven-
tion are described in the dependent claims.

[0016] Examples of advantages that are obtained by
means of the present invention are:

- A more robust antenna structure is obtained

- Amore easily manufactured antenna structure is ob-
tained

- Relatively low radar cross-section side lobe levels
BRIEF DESCRIPTION OF DRAWINGS

[0017] The present invention will now be described
more in detail with reference to the appended drawings,
where
Figure 1 shows a perspective view of a dipole an-
tenna element;

Figure 2 shows a side section view of a dipole an-
tenna elements according to the present
invention;

Figure 3 shows an enlargement of a part of Figure
2;

Figure 4 shows an enlargement of a part of Figure
2,in atop view;

Figure 5 shows a perspective view of a dual polar-
ized dipole antenna element;

Figure 6 shows a perspective view of a dual polar-
ized dipole antenna array;

Figure 7 shows a perspective view of two dipole an-
tenna elements according to another em-
bodiment of the present invention;

Figure 8 schematically shows a perspective view
of an array antenna according to the em-
bodiment shown in Figure 7;

Figure 9 schematically shows a perspective view
of a dual polarized array antenna accord-
ing to the embodiment shown in Figure 7;
Figure 10a  shows a first type of dipole antenna ele-
ment used in the embodiment shown in
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Figure 9;
Figure 10b  shows a second type of dipole antenna
element used in the embodiment shown
in Figure 9;
Figure 11 shows a slot detail of the first type of dipole
antenna element shown in Figure 10a;

shows a variant for the embodiments ac-
cording to the Figures 7-11, where a die-
lectric material is used;

Figure 12

shows a variant for the embodiments ac-
cording to Figure 9, where a dielectric ma-
terial is used,;

Figure 13

shows a variant for the embodiments ac-
cording to Figure 8, where a dielectric ma-
terial is used;

Figure 14

Figure 15 shows a first alternative shape for the di-

pole arms;
Figure 16 shows a second alternative shape for the
dipole arms; and
Figure 17 shows a third alternative shape for the di-
pole arms.

EMBODIMENTS OF THE INVENTION

[0018] In Figure 1, a perspective view of a dipole an-
tenna element 1 used in the invention is shown. The di-
pole antenna element 1 comprises two dipole arms, a
first 2 and a second 3 dipole arm, that extend in opposite
directions from corresponding feeding point 4, 5 ends.
The antenna element 1 comprises feeding conductors 6,
7, forexample in the form of coaxial conductors extending
through a ground plane 8 below the dipole antenna ele-
ment 1 and up to the respective feeding point 4, 5.
[0019] The dipole arms 2, 3 have a rectangular shape
and are, according to the present invention, formed on
either side of a supporting laminate 9, preferably by
means of etching of metal layers which are adhered to
the laminate in question. The etching procedure removes
all metallization, for example copper, leaving only the di-
pole arms. The first dipole arm 2 is formed on a first side
10 of the laminate 9, which first side 10 faces away from
the ground plane 8, while the second dipole arm 3 is
formed on a second side 11 of the laminate, which second
side 11 faces the ground plane 8, where the laminate 9
is substantially parallel to the ground plane 8. The first
10 and second 11 sides of the laminate 9 are essentially
planar and substantially parallel to each other, i.e. the
laminate 9 has a substantially conformal thickness T.
[0020] Further, the etched dipole arms 2, 3 are sub-
stantially planar and parallel to the first 10 and second
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11 sides of the laminate 9 and extend along these, and
thus the feeding conductors 6, 7 extend substantially per-
pendicular to the laminate sides 10, 11 on which the di-
pole arms 2, 3 are formed. The dipole arms 2, 3 have a
thickness U that equals the thickness of the metallization
on the laminate. Usual measures of the metallization
thickness U is 17 pm or 35 pm.

[0021] In Figure 2, a cross-section side view of a part
of a linear array antenna 12, comprising antenna ele-
ments 1 a, 1b, 1 ¢ in one dimension only, is shown, each
with first and second dipole arms 2a, 3a; 2b, 3b; 2c, 3c.
In Figure 2, a first 1 a, second 1b and third 1 c dipole
antenna element is shown, where, according to the in-
vention, the second dipole arm 3a of the first dipole an-
tenna element 1 a extends on the second side 11 of the
laminate 9, and where the first dipole arm 2b of the ad-
jacent second dipole antenna element 1 b extends on
the first side 10 of the laminate 9. The second dipole arm
3a of the first dipole antenna element 1 a and the first
dipole arm 2b of the adjacent second dipole antenna el-
ement 1 b extend towards each other in such a way that
they pass each other on each side 11, 10 of the laminate
9 over a distance D, forming an overlapping structure
along the distance D.

[0022] Similarly, the second dipole arm 3b of the sec-
ond dipole antenna element 1 b extends on the second
side 11 of the laminate 9, and the first dipole arm 2c of
the adjacent third dipole antenna element 1c extends on
the first side 10 of the laminate 9. The dipole arms 3b,
2c extend towards each other in such a way that they
pass each other on each side 11, 10 of the laminate 9
during a distance D, forming an overlapping structure in
the same way as described above.

[0023] This overlapping configuration for adjacent di-
pole antenna arms of adjacent dipole antenna elements,
as described for the dipole antenna elements 1 a, 1b, 1
¢ shown in Figure 2, is, where applicable, implemented
for all dipole antenna elementsin the linear array antenna
12.

[0024] In Figure 3 and Figure 4, an enlarged image of
a cross-section side view and a top view, respectively,
of the overlapping configuration is shown. Along the dis-
tance D, at which adjacent dipole antenna arms 3a, 2b
of adjacent dipole antenna elements 1 a, 1 b pass each
other at opposite sides of the laminate 9, an electromag-
netic coupling occurs between the adjacent dipole an-
tenna arms 3a, 2b.

[0025] The electromagnetic coupling, is determined by
means of the area A (shown as shaded) of the overlap-
ping parts of the dipole arms and the distance S between
the overlapping parts of the dipole arms 3a, 2b, which
distance S is equal to the laminate thickness T as it is
measured between the first side 10 and the second side
11 of the laminate 9, perpendicular to the sides 10, 11
and the main surfaces of the rectangular dipole arms 3a,
2b.

[0026] In order to achieve advantageous coupling ef-
fects between adjacent dipole arms 3a, 2b of adjacent
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dipole antenna elements 1 a, 1b, it is important that the
coupling distance S between the adjacent dipole arms is
tuned to a value corresponding to an appropriate cou-
pling strength. The most sensitive parameter when per-
forming such a tuning is the distance S between the di-
pole arms. As the distance S equals the laminate thick-
ness T, an advantageous effect is obtained, since the
laminate thickness T is very well controlled by the lami-
nate manufacturer, resulting in a conformal thickness T
having a stable measure all over the laminate 9, even
from laminate sheet to laminate sheet.

[0027] It is important that the relative dielectric con-
stant ¢, of the laminate material in question is stable. €,
is very well controlled by the laminate manufacturer, re-
sulting in a conformal g, value having a stable measure
all over the laminate 9, even from laminate sheet to lam-
inate sheet.

[0028] Therefore, the laminate thickness T is very easy
to use for controlling the coupling between the dipole
arms in question, as this measure is previously known
and controlled by the laminate supplier. It is, however,
not possible to tune the coupling distance S =T, once a
certain laminate material has been chosen for one’s de-
sign.

[0029] As the thickness T is given when a particular
laminate is chosen, the coupling is tuned by means of
the area A of the overlapping parts of the dipole arms.
This area A is quite easy to control by means of ordinary
etching as there are no adjacent etched structures on
the same side of the laminate 9 to take into consideration,
therefore decreasing the need for high etching toleranc-
es.

[0030] Of course, several linear array antennas ac-
cording to the above may be placed in rows, such that
two-dimensional array antennas (not shown) are formed.
[0031] InFigure 5, a dual-polarized dipole antenna el-
ement 13 is shown, consisting of two dipole antenna el-
ements 1’, 1", similar to the one shown in Figure 1, that
are placed orthogonally around a common centre point
14. This element 13 may be used in a dual polarized one-
dimensional or two-dimensional array antenna 15, as
shown in Figure 6. There, the dipole arms 2’a, 3'a, 2"a,
3"a; 2'b, 3'b 2"b, 3"b; 2'c, 3'c, 2"c, 3"c; 2'd, 3'd, 2"d, 3"d;
2'e, 3'e, 2"e, 3"e; 2, 3'f, 2", 3'f; 2'g, 3'g, 2"g, 3"g; 2'h,
3'h2"h, 3"h; 2%, 3'i, 2"i, 3"i of each dual polarized antenna
element 13a - 13i extend on opposite sides of the lami-
nate 9 in such a way that adjacent dipole arms 2'a, 3'b;
2'b, 3'c; 3", 2"d; 3"b, 2"e; 3"c, 2"f; 2'd, 3'e; 2'e, 3'f; 3"d,
2"g; 3"e, 2"h; 3", 2"i; 2'g; 3'h; 2'h, 3'i of adjacent antenna
elements 13a, 13b; 13b, 13c; 13a, 13d; 13b, 13e; 13c,
13f; 13d, 13e; 13e, 13f; 13d, 13g; 13e, 13h; 13f, 13i; 139,
13h; 13h, 13i partially overlap, as they extend on opposite
sides of the laminate 9 as described above. Thus, the
coupling between adjacent dipole antenna elements 13a,
13b; 13b, 13c; 13a, 13d; 13b, 13e; 13c, 13f; 13d, 13e;
13e, 13f; 13d, 13g; 13e, 13h; 13f, 13i; 13g, 13h; 13h, 13i
described above is obtained in this case as well, which
coupling provides all the advantageous features de-
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scribed previously.

[0032] In Figure 7, another preferred embodiment of
the present invention is shown. There, an array antenna
16 is shown, having a first 17a and a second dipole an-
tenna element 17b, formed on a laminate 18, having a
first side 19 and a second side 20, which laminate 18
positioned perpendicular to a ground plane 21. The di-
pole antenna elements 17a, 17b have two dipole arms
22a, 23a; 22b, 23b each. The first dipole arms 22a, 22b
of the first and second dipole antenna element 17a, 17b
are etched on the first side 19 of the laminate 18, and
the second dipole arms 23a, 23b of the first and second
dipole antenna element 17a, 17b are etched on the sec-
ond side 20 of the laminate 18.

[0033] The second dipole arm 23a of the first dipole
element 17ais adjacent to the first dipole arm 22b of the
second dipole element 17b, and the adjacent dipole arms
23a, 22b of the adjacent dipole antenna elements 17a,
17b extend towards each other in such a way that they
pass each other on each side 19, 20 of the laminate 18
over adistance D, forming an overlapping structure along
the distance D.

[0034] The feeding conductors 24a, 25a; 24b, 25b are
a part of the etched structure, leading directly from con-
nectors (not shown) formed in openings 26a, 27a; 26b,
27bin the ground plane 21, at the bottom of the laminate,
to the respective dipole arm 22a, 23a; 22b, 23b at the
top of the laminate. The feeding conductors 24a, 25a;
24b, 25b have an abrupt essentially perpendicular tran-
sition to the respective dipole arm 22a, 23a; 22b, 23b.
The feeding conductors 24a, 25a; 24b, 25b may also
have a curved, smooth perpendicular transition to the
respective dipole arm 22a, 23a; 22b, 23b (not shown).
Each dipole antenna element 17a, 17b is divided into two
parts by a symmetry line 28a, 28b, and the main surface
ofthe dipole arms 22a, 23a; 22b, 23b extend substantially
perpendicular to the ground plane 21.

[0035] Alaminate according to Figure 7 may comprise
only one dipole antenna element, but preferably compris-
es a row of at least two dipole antenna elements, i.e. a
one-dimensional array antenna. In the example de-
scribed, the array antenna 16 comprises two dipole an-
tennaelements 17a, 17b. The coupling between adjacent
dipole antenna elements described above is obtained in
this case as well in the same way as described above,
which coupling provides all the advantageous features
described previously.

[0036] A two-dimensional array antenna 29, as shown
very schematically, without indicating any antenna ele-
ments, in Figure 8, may be formed by placing several
linear array antenna laminates 30, 31, 32 according to
the above in equidistant rows.

[0037] Such atwo-dimensional array antenna 29 hav-
ing antenna laminates 30, 31, 32 placed in rows may be
supplied with orthogonally placed antenna laminates 33,
34, 35, as shown very schematically, without indicating
any antenna elements, in Figure 9, thus creating a dual
polarized array antenna 36.
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[0038] In order to achieve this, with reference also to
Figure 10a and Figure 10b, the antenna laminates 30,
31, 32 extending in a first direction, indicated with the
arrow M, have slots 37 extending from the top of the
laminate 30, 31, 32, to a little more than halfway towards
the ground plane 21. The antenna laminates 33, 34, 35
extending in a second direction, indicated with the arrow
N, orthogonal to the first direction M, have slots 38 ex-
tending from the bottom, from the ground plane 21, a little
more than halfway towards the dipole arms. The slots
37, 38 are positioned between the feeding conductors
24, 25 and the dipole arm 22, 23 of each dipole antenna
element 17, i.e. in the symmetry line 28 of each dipole
antenna element 17.

[0039] In order to put together the array antenna 36
according to Figure 9, the antenna laminates 30, 31, 32
extending in the first direction M are positioned on the
ground plane 21, in such away that its feeding conductors
24, 25 are connected to the respective conductors (not
shown). Then the slots 38 of the antenna laminates 33,
34, 35 extending in the second direction N are thread on
to the slots 37 of the antenna laminates 30, 31, 32 ex-
tending in the first direction M in such a way that its feed-
ing conductors 24, 25 are connected to the respective
conductors (not shown). The orthogonal laminates 30,
31, 32; 33, 34, 35 are then in place, forming a grid with
dual polarized dipole antenna elements.

[0040] The slots 37, 38 are preferably made by means
of conical milling from each side, providing the slots with
a self-aligning structure, as shown for slot 37 of the an-
tenna laminates 30, 31, 32 extending in the first direction
M in Figure 11. Figure 11 is a section of a part of Figure
10a.

[0041] In a preferred embodiment with reference to
Figure 12, a first dielectric material layer 39 is inserted
on the first side 10 of the laminate 9. The insertion of
such a dielectric material causes the current distribution
on the total array structure to acquire properties resulting
in an even more broadband array antenna. The insertion
of such a material according to the above is applicable
for the previous embodiments disclosed with reference
to Figure 1-6. Figure 12 is a simplified view, showing no
dipole antenna elements, only the relative position of the
laminate 9, the ground plane 8 and the dielectric material
layer 39. It is also possible to insert a second dielectric
material layer between the laminate 9 and the ground
plane 8 (not shown) with or without the previously dis-
closed first dielectric material layer 39.

[0042] The dielectric material layers disclosed above
may also consist of separate parasitic elements in the
form of dielectric material pieces placed in such a way
thatthe pieces are not placed above or beneath any metal
part of the antenna elements (not shown).

[0043] In another preferred embodiment with refer-
ence to Figure 13, parasitic elements in the form of die-
lectric material pieces 40, 41, 42, 43 are arranged sym-
metrically in spaces that occur between the orthogonally
placed laminates 30, 31, 32; 33, 34, 35. The advantages
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obtained are similar to those discussed above with ref-
erence to Figure 12. This embodiment applies for the
variants disclosed with reference to Figure 7-11 i.e. itis
also applicable for linear polarized array antennas 16, 29
as shown in Figure 7 and Figure 8. For the case with said
linear polarized array antennas 16, 29, the parasitic ele-
ments are placed at each side of a row, as shown in
Figure 14, where parasitic elements 44, 45, 46, 47 are
placed at each side of a row 30,31,32.

[0044] Figure 13is a simplified top view of a grid struc-
ture as shown in Figure 9, Figure 14 is a simplified top
view of a structure as shown in Figure 8.

[0045] Theinventionis notlimited to the described em-
bodiment examples disclosed above, but may vary within
the scope of the appended claims. For example, the di-
electric materials disclosed above may also comprise
several stacked dielectric material layers with similar or
different dielectric properties.

[0046] The shape of the dipole element arms is shown
rectangular, but may have other shapes. A preferred
shape is a triangular shape, as shown in Figure 15, were
the width w of each dipole arm 48, 49 is smallest at the
feeding point50, 51 end, and increases towards the other
end of the respective arm 48, 49.

[0047] A variant of the triangular shape is the sectorial
shape, where the dipole arms constitute sectors of a cir-
cle, as shown in Figure 16. Here the width w of each
dipole arm 52, 53 is smallest at the feeding point 54, 55
end, and increases towards the other end of the respec-
tive arm 52, 53, at which other end the sectorial shape
is apparent.

[0048] Withreference to Figure 17, the width w of each
dipole arm 56, 57 is smallest at the feeding point 58, 59
end, and increases towards the other end of the respec-
tive arm 56, 57, but reaches its maximum before reaching
the edge of each dipole arm 56, 57.

[0049] The advantages with these shapes described
with reference to Figure 15-17 is that the impedance of
the feeding line does not have to transfer to another im-
pedance abruptly, but smoothly. These shapes of the
dipole arms applies for all the embodiments disclosed in
the description.

[0050] The dipole antenna elements are suitable for
use in large array antennas, such as phased array an-
tennas.

Claims

1. Anantenna device for wireless transmission and re-
ception ofinformation using electromagnetic signals,
comprising at least two dipole antenna elements (1;
la, 1b, 1c; 1', 1", 17a, 17b), where each dipole an-
tenna element (1; 1 a, 1b, 1 ¢; 1’, 1"; 17a, 17b) com-
prises afirst dipole arm (2; 2a, 2b, 2c; 2’, 2"; 2'a, 2"a,
2'b, 2"b, 2'c, 2"c, 2'd, 2"d, 2’e, 2"e, 2'f, 2"f, 2'g, 2"q,
2'h, 2"h, 2, 2"i; 22a, 22b) and a second dipole arm
(3; 3a, 3b, 3c; 3, 3"; 3a, 3"a, 3'b, 3"b, 3'c, 3"c, 3'd,

10

15

20

25

30

35

40

45

50

55

3"d, 3'e, 3"e, 31, 3", 3'g, 3"g, 3'h, 3"h, 3, 3"; 23a,
23b), which first and second dipole arms are extend-
ing in essentially opposite directions from a respec-
tive feeding point (4, 5) end, where the dipole arms
are formed in metal layers on a laminate (9; 18; 30,
31, 32; 33, 34, 35), having a first side (10, 19) and a
second side (11, 20), which laminate (9; 18; 30, 31,
32; 33, 34, 35) further has a predefined thickness
(T) separating the first (10, 19) and second (11, 20)
side, characterized in that each first dipole arm (2;
2a, 2b, 2c; 2', 2"; 2'a, 2"a, 2'b, 2"b, 2'c, 2"c, 2'd, 2"d,
2'e, 2"e, 2'f, 2"f, 2'g, 2"g, 2'h, 2"h, 2'i, 2"i; 22a, 22b)
extend on the first side (10, 19) of the laminate (9;
18; 30, 31, 32; 33, 34, 35) and each second dipole
arm (3; 3a, 3b, 3c; 3', 3"; 3'a, 3"a, 3'b, 3"b, 3'c, 3"c,
3d, 3'd, 3’e, 3"e, 31, 3", 3'g, 3"g, 3'h, 3"h, 3, 3";
23a, 23b) extend on the second side (11, 20) of the
laminate (9; 18; 30, 31, 32; 33, 34, 35) in such a way
that the two adjacent dipole arms (3a, 2b; 3b, 2c;
2'a, 3'b; 3'b, 3'c; 3"a, 2"d; 3"b, 2"e; 3"c, 2"f; 2'd, 3'¢;
2'e, 31; 3"d, 2"g; 3"e, 2"h; 3", 2"i; 2’g; 3'h; 2'h, 3%;
23a, 22b) of adjacent antenna elements (1 a, 1b, 1
c; 17a, 17b) partially overlap during a distance (D).

Antenna device according to claim 1, characterized
in that the first side (10) of the laminate (9) faces
away from a ground plane (8), while the second side
(112) of the laminate (9) faces the ground plane (8),
where the laminate (9) is substantially parallel to the
ground plane (8).

Antenna device according to claim 1 or 2, charac-
terized in that each dipole antenna element (1) is
provided with a symmetrically arranged orthogonal
dipole antenna element (1 "), each of these said an-
tenna elements (1', 1 ") having a common centre
point (14), and each pair of orthogonally arranged
dipole antenna elements (1’, 1 ") forming a dual po-
larized antenna element (13, 13a-i).

Antenna device according to any one of the preced-
ing claims, characterized in that a first dielectric
material layer (39) is inserted on the first side (10)
of the laminate (9).

Antenna device according to any one of the claims
2-4, characterized in that a second dielectric ma-
terial layer is inserted between the laminate (9) and
the ground plane 8.

Antenna device according to any one of the claims
4-5,characterized in that the dielectric material lay-
ers (39) in turn comprise several stacked dielectric
material layers with similar or different dielectric
properties.

Antenna device according to claim 1, characterized
in that the laminate (18; 30, 31, 32; 33, 34, 35), is
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positioned perpendicular to a ground plane (21).

Antenna device according to claim 7, characterized
in that feeding conductors (24a, 25a; 24b, 25b) are
formed on the respective side (19, 20) of the laminate
(18; 30, 31, 32; 33, 34, 35), leading directly from con-
nectors formed in openings (26a, 27a; 26b, 27b) in
the ground plane (21), to the respective dipole arm
(22a, 23a; 22b, 23b), in such a way that each dipole
antenna element (17a, 17b) is divided into two parts
by a symmetry line (28a, 28b).

Antenna device according to claim 7 or 8, charac-
terized in that at least two laminates (30, 31, 32)
are positioned in equidistant rows, forming a two-
dimensional array antenna (29).

Antenna device according to claim 7 or 8, charac-
terized in that at least two laminates (30, 31, 32)
are positioned in equidistant rows and at least two
laminates (33, 34, 35) are orthogonally positioned in
equidistant rows, forming a two-dimensional dual po-
larized array antenna (36), where the intersections
between the orthogonally positioned laminates (30,
31, 32; 33, 34, 35) essentially takes place in the mid-
dle of each dipole antenna element (17a, 17b) by
means of corresponding slots (37, 38).

Antenna device according to claim 9 or 10, charac-
terized in that a dielectric material (40-47) is insert-
ed between each laminate (30, 31, 32; 33, 34, 35).

Antenna device according to any one of the preced-
ing claims, characterized in that each dipole arm
(2; 2a,2b, 2c; 2’, 3", 2", 3"; 2'a, 3'a, 2"a, 3"a; 2'b, 3'b,
2"b, 3"b; 2'c, 3'c, 2"c, 3"c; 2'd, 3'd, 2"d, 3"d; 2'e, 3'e,
2"e, 3"e; 2'f, 31, 2"f, 3"f; 2'g, 3'g, 2"g, 3"g; 2’h, 3'h
2"h, 3"h; 2%, 3, 2"i, 3"i; 22a, 23a, 22b, 23b) has a
rectangular shape.

Antenna device according to any one of the claims
1-11, characterized in that each dipole arm (48,
49) has a triangular shape, were the width (w) of
each dipole arm (48, 49) is smallest at the feeding
point (50, 51) end, and increases towards the other
end of the respective arm (48, 49).

Antenna device according to any one of the claims
1-11, characterized in that each dipole arm (48,
49) has a sectorial shape, where the dipole arms
(52, 53) constitute sectors of a circle and the width
(w) of each dipole arm (52, 53) is smallest at the
feeding point (54, 55) end, and increases towards
the other end of the respective arm (52, 53).

Antenna device according to any one of the claims
1-11, characterized in that the width (w) of each
dipole arm (56, 57) is smallest at the feeding point

10

15

20

25

30

35

40

45

50

55

(58, 59) end, and increases towards the other end
of the respective arm (56, 57), but reaches its max-
imum before reaching said other edge of each dipole
arm (56, 57).

Patentanspriiche

1.

Antennenvorrichtung zum drahtlosen Ubertragen
und Empfangen von Informationen unter Verwen-
dung elektromagnetischer Signale, umfassend zu-
mindest zwei Dipolantennenelemente (1; 1a, 1b, 1c;
1’,1",17a, 17b), wobei jedes Dipolantennenelement
(1;1a,1b, 1c; 1’,1";17a, 17b) einen ersten Dipolarm
(2; 2a, 2b, 2c; 2', 2";2'a, 2"a, 2’b, 2"b, 2'c, 2"c, 2'd,
2"d, 2'e, 2"e, 2'f, 2"f, 2'g, 2"g, 2’h, 2"h, 2'i, 2"i; 22a,
22b) und einen zweiten Dipolarm (3; 3a, 3b, 3c; 3/,
33, 3"a, 3'b, 3"b, 3¢, 3"c, 3'd, 3'd, 3'e, 3"e, 37,
3"f, 3'g, 3"g, 3'h, 3"h, 3’i, 3"i; 23a, 23b) aufweist,
dessen erste und zweite Dipolarme sich in im We-
sentlichen entgegengesetzte Richtungen erstrek-
ken von einem jeweiligen Zuleitungspunktende (4,
5), wo die Dipolarme in Metallschichten an einem
Laminat(9; 18; 30, 31, 32; 33, 34, 35) mit einer ersten
Seite (10, 19) und einer zweiten Seite (11, 20) aus-
gebildet sind, welches Laminat (9; 18; 30, 31, 32;
33, 34, 35) ferner eine vordefinierte Dicke (T) auf-
weist und die erste (10, 19) und zweite (11, 20) Seite
voneinander trennt, dadurch gekennzeichnet,
dass sich jeder erste Dipolarm (2; 2a, 2b, 2c; 2, 2";
2'a, 2"a, 2'b, 2"b, 2'c, 2"c, 2'd, 2"d, 2’e, 2"e, 2'f, 21,
2'g, 2”9, 2’h, 2"h, 2'i, 2"i; 22a, 22b) an der ersten
Seite (10, 19) des Laminats (9; 18; 30, 31, 32; 33,
34, 35) erstreckt und sich jeder zweite Dipolarm (3;
3a, 3b, 3c; 3, 3";3'a, 3", 3'b, 3"b, 3'c, 3"c, 3'd, 3'd,
3'e, 3"¢, 3, 3", 3'g, 3"g, 3'h, 3"h, 3'i, 3"i; 234, 23b)
an der zweiten Seite (11, 20) des Laminats (9; 18;
30, 31, 32; 33, 34, 35) erstreckt, so dass die zwei
benachbarten Dipolarme (3a, 2b; 3b, 2c; 2’a, 3'b;
3'b, 3'c; 3"a, 2"d; 3"b, 2"e; 3"c, 2"f; 2'd, 3'e; 2'e, 37;
3"d 2"g; 3"e, 2"h; 37, 2"1; 2'g; 3'h; 2'h, 3'i; 23a, 22b)
benachbarter Antennenelemente (1a, 1b, 1c; 17a,
17b) sich teilweise Uber eine Distanz (D) tiberlappen.

Antennenvorrichtung nach Anspruch 1, dadurch
gekennzeichnet, dass die erste Seite (10) des La-
minats (9) von einer Grundflache (8) weg gerichtet
ist, wahrend die zweite Seite (11) des Laminats (9)
zu der Grundflache (8) hin gerichtet ist, wobei das
Laminat (9) im Wesentlichen parallel zu der Grund-
flache ist.

Antennenvorrichtung nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass jedes Dipolanten-
nenelement (1) mit einem symmetrisch angeordne-
ten orthogonalen Dipolantennenelement (1") ausge-
stattet ist, wobei jedes dieser Antennenelemente (1’,
1") einen gemeinsamen Mittelpunkt (14) hat und je-
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11.
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des Paar orthogonal angeordneter Dipolantennen-
elemente (1, 1") ein dual polarisiertes Antennenele-
ment (13, 13a-i) ausbildet.

Antennenvorrichtung nach einem der vorstehenden
Anspriche, dadurch gekennzeichnet, dass eine
erste dielektrische Materialschicht (39) an der ersten
Seite (10) des Laminats (9) eingeflgt ist.

Antennenvorrichtung nach einem der Anspriiche
2-4, dadurch gekennzeichnet, dass eine zweite
dielektrische Materialschicht zwischen dem Laminat
(9) und der Grundflache (8) eingeflgt ist.

Antennenvorrichtung nach einem der Anspriiche
4-5, dadurch gekennzeichnet, dass die dielektri-
schen Materialschichten (39) wiederum mehrere ge-
schichtete dielektrische Materialschichten mit &hnli-
chen oder verschiedenen dielektrischen Eigen-
schaften umfassen.

Antennenvorrichtung nach Anspruch 1, dadurch
gekennzeichnet, dass das Laminat (18; 30, 31, 32;
33, 34, 35) senkrecht zu einer Grundflache (21) po-
sitioniert ist.

Antennenvorrichtung nach Anspruch 7, dadurch
gekennzeichnet, dass Zuleitungsleiter (24a, 25a;
24b, 25b) an der jeweiligen Seite (19, 20) des Lami-
nats (18; 30, 31, 32; 33, 34, 35) ausgebildet sind, die
direkt von Verbindern, die in Offnungen (26a, 27a;
26b, 27b) in der Grundflache (21) ausgebildet sind,
zu dem jeweiligen Dipolarm (22a, 23a; 22b, 23b) fih-
ren, so dass jedes Dipolantennenelement (17a, 17b)
durch eine Symmetrielinie in zwei Teile geteilt ist.

Antennenvorrichtung nach Anspruch 7 oder 8, da-
durch gekennzeichnet, dass zumindest zwei La-
minate (30, 31, 32) in gleich beabstandeten Reihen
positioniert sind, die eine zweidimensionale Array-
Antenne (29) bilden.

Antennenvorrichtung nach Anspruch 7 oder 8, da-
durch gekennzeichnet, dass zumindest zwei La-
minate (30, 31, 32) in gleich beabstandeten Reihen
positioniert sind und zumindest zwei Laminate (33,
34, 35) orthogonal in gleich beabstandeten Reihen
positioniert sind, die eine zweidimensionale, dual po-
larisierte Array-Antenne (36) bilden, wobei die Kreu-
zungen zwischen den orthogonal positionierten La-
minaten (30, 31, 32; 33, 34, 35) im Wesentlichen in
der Mitte jedes Dipolantennenelements (17a, 17b)
mittels entsprechender Schlitze (37, 38) stattfinden.

Antennenvorrichtung nach Anspruch 9 oder 10, da-
durch gekennzeichnet, dass ein dielektrisches
Material (40-47) zwischen jedem Laminat (30, 31,
32; 33, 34, 35) eingeflgt ist.
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Antennenvorrichtung nach einem der vorstehenden
Anspriiche, dadurch gekennzeichnet, dass jeder
Dipolarm (2; 2a, 2b, 2c; 2', 3’, 2", 3";2'a, 3'a, 2"a,
3"a, 2'b, 3'b, 2"b, 3"b, 2'c, 3'c, 2"c, 3"c; 2'd, 3'd, 2"d,
3"d; 2'e, 3¢, 2"e, 3¢, 2'f, 3, 2", 3"f; 2'g, 3'g, 2"g,
3"g; 2’'h, 3'h, 2"h, 3"h; 2%, 3'i, 2", 3"i; 22a, 23a, 22b,
23b) eine rechteckige Form aufweist.

Antennenvorrichtung nach einem der Anspriiche
1-11, dadurch gekennzeichnet, dass jeder Dipo-
larm (48, 49) eine dreieckige Form aufweist, wobei
die Breite (w) jedes Dipolarms (48, 49) an dem Zu-
leitungspunktende (50, 51) am kleinsten ist und in
Richtung des anderen Endes des jeweiligen Arms
(48, 49) ansteigt.

Antennenvorrichtung nach einem der Anspriiche
1-11, dadurch gekennzeichnet, dass jeder Dipo-
larm (48, 49) eine sektorale Form aufweist, wobei
die Dipolarme (52, 53) Sektoren eines Kreises bilden
und die Breite (w) jedes Dipolarms (52, 53) am klein-
sten an dem Zuleitungspunktende (54, 55) ist und in
Richtung des anderen Endes des jeweiligen Arms
(52, 53) ansteigt.

Antennenvorrichtung nach einem der Anspriiche
1-11, dadurch gekennzeichnet, dass die Breite
(w) jedes Dipolarms (56, 57) am kleinsten an dem
Zuleitungspunktende (58, 59) istund in Richtung des
anderen Endes des jeweiligen Arms (56, 57) an-
steigt, jedoch ihr Maximum vor dem Erreichen der
anderen Kante jedes Dipolarms (56, 57) erreicht.

Revendications

Dispositif d’'antenne pour I'émission et la réception
sans fil d'informations en utilisant des signaux élec-
tromagnétiques, comprenant au moins deux élé-
ments d’'antenne dipbles (1 ; 1a, 1b, 1c; 1’, 1", 17a,
17b), chaque élément d’antenne dipdle (1 ; 1a, 1b,
1c; 1, 1"; 17a, 17b) comprenant un premier bras
de dip6le (2 ; 2a, 2b, 2c; 2’, 2"; 2'a, 2"a, 2'b, 2"b,
2'c, 2"c, 2'd, 2'd, 2'e, 2"e, 2'f, 2"f, 2'g, 2"g, 2'h, 2"h,
2'i, 2" ; 22a, 22b) et un deuxieme bras de dipdle (3 ;
3a, 3b, 3c; 3, 3"; 3q, 3"a, 3b, 3"b, 3'c, 3"c, 3'd,
3"d, 3'e, 3"e, 31, 3"f, 3'g, 3"g, 3'h, 3"h, 3, 3"i; 234,
23b), lesquels premier et deuxiéme bras de dipdle
s’étendent dans des directions sensiblement oppo-
sées par rapport a une extrémité formant point d'ali-
mentation respectif (4, 5), les bras de dip6le étant
réalisés sous la forme de couches métalliques sur
un stratifié (9; 18 ; 30, 31, 32; 33, 34, 35), ayant
une premiére face (10, 19) et une deuxiéme face
(11, 20), lequel stratifié (9 ; 18 ; 30, 31, 32 ; 33, 34,
35) a en outre une épaisseur prédéfinie (T) séparant
la premiere (10, 19) et la deuxieme (11, 20) face,
caractérisé en ce que chaque premier bras de di-
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pble (2; 2a, 2b, 2c; 2', 2"; 2’a, 2"a, 2'b, 2"b, 2'c,
2"c, 2'd, 2"d, 2'e, 2"e, 2'f, 2"f, 2'g, 2"g, 2'h, 2"h, 2'i,
2" ; 22a, 22b) s’étend sur la premiére face (10, 19)
du stratifié (9 ; 18 ; 30, 31, 32 ; 33, 34, 35), eten ce
gue chaque deuxiéme bras de dipdle (3 ; 3a, 3b, 3c ;
3,3"; 34, 3"a, 3b, 3"b, 3'c, 3"c, 3'd, 3"d, 3'e, 3",
3, 3", 3'g, 3"g, 3'h, 3"h, 3, 3"i ; 23a, 23b) s'étend
sur la deuxiéme face (11, 20) du stratifié (9 ; 18 ; 30,
31, 32; 33, 34, 35) de telle fagcon que les deux bras
de dip6le adjacents (3a, 2b; 3b, 2c; 2'a, 3'b; 3'b,
3'c; 3"a, 2'd; 3"b, 2"e ; 3"c, 2"f; 2'd, e ; 2'e, 3f;
3"d, 2"g ; 3"e, 2"h; 3", 2"i; 2’'g; 3’h; 2’'h, 3'i; 234,
22b) d’éléments d'antenne adjacents (1a, 1b, 1c;
17a, 17b) se chevauchent partiellement sur une dis-
tance (D).

Dispositif d’antenne selon la revendication 1, carac-
térisé en ce que la premiere face (10) du stratifié
(9) est tournée a I'opposé d'un plan de masse (8),
tandis que la deuxiéme face (11) du stratifié (9) est
tournée vers le plan de masse (8), le stratifié (9) étant
sensiblement parallele au plan de masse (8).

Dispositif d’antenne selon la revendication 1 ou 2,
caractérisé en ce que chaque élément d’'antenne
dipble (1') est muni d'un élément d’antenne dipdle
orthogonal disposé symétriquement (1"), chacun
desdits éléments d’antenne (1', 1") ayant un point
central commun (14), et chaque paire d’éléments
d’antenne dip6les agencés de facon orthogonale (1',
1") formant un élément d’antenne & deux polarisa-
tions (13, 13a-i).

Dispositif d’antenne selon 'une quelconque des re-
vendications précédentes, caractérisé en ce

qu’une premiere couche de matériau diélectrique
(39) estinsérée sur la premiére face (10) du stratifié

9).

Dispositif d'antenne selon 'une quelconque des re-
vendications 2 a 4, caractérisé en ce qu’' une
deuxiéme couche de matériau diélectrique est insé-
rée entre le stratifié (9) et le plan de masse (8).

Dispositif d'antenne selon I'une quelconque des re-
vendications 4 et 5, caractérisé en ce que les cou-
ches de matériau diélectrique (39) comprennent
quant a elles plusieurs couches de matériau diélec-
trigue empilées ayant des propriétés diélectriques
semblables ou différentes.

Dispositif d’antenne selon la revendication 1, carac-
térisé en ce que le stratifié (18 ; 30, 31, 32 ; 33, 34,
35) est disposé perpendiculairement a un plan de
masse (21).

Dispositif d’antenne selon la revendication 7, carac-
térisé en ce que des conducteurs d'alimentation
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(24a, 25a ; 24b, 25b) sont formés sur la face respec-
tive (19, 20) du stratifié (18 ; 30, 31, 32 ; 33, 34, 35),
conduisant directement depuis des connecteurs for-
més dans des ouvertures (26a, 27a ; 26b, 27b) pra-
tiquées dans le plande masse (21), au bras de dipole
respectif (22a, 23a ; 22b, 23b), de telle facon que
chaque élément d’antenne dipdle (17a, 17b) soit di-
visé en deux parties par une ligne de symétrie (28a,
28b).

Dispositif d’antenne selon la revendication 7 ou 8,
caractérisé en ce qu’ au moins deux stratifiés (30,
31, 32) sont disposés dans des rangées équidistan-
tes en formantune antenne réseau bidimensionnelle
(29).

Dispositif d’antenne selon la revendication 7 ou 8,
caractérisé en ce qu’ au moins deux stratifiés (30,
31, 32) sont positionnés dans des rangées équidis-
tantes, et en ce qu’ au moins deux stratifiés (33, 34,
35) sont positionnés de fagon orthogonale dans des
rangées équidistantes, en formant une antenne ré-
seau bidimensionnelle & deux polarisations (36), les
intersections entre les stratifiés positionnés de fagon
orthogonale (30, 31, 32 ; 33, 34, 35) se trouvant pra-
tiquement au milieu de chaque élément d’antenne
dipdle (17a, 17b) au moyen de fentes correspondan-
tes (37, 38).

Dispositif d’antenne selon la revendication 9 ou 10,
caractérisé en ce qu’ un matériau diélectrique
(40-47) estinséré entre chaque stratifié (30, 31, 32 ;
33, 34, 35).

Dispositif d’antenne selon I'une quelconque des re-
vendications précédentes, caractérisé en ce que

chaque bras de dipdle (2 ; 2a, 2b, 2¢c; 2, 3', 2", 3";
2'a, 3'a, 2"a, 3"a; 2'b, 3'b, 2"b, 3"b; 2'c, 3'c, 2"c,
3'c;2d,3d,2"d,3"d; 2'e, 3'g, 2"e, 3"e ; 2'f, 31, 2'f,
3"f; 2'g, 3'g, 2", 3"g; 2'h, 3'h, 2"h, 3"h ; 21, 3, 2",
3" ; 22a, 23a, 22b, 23b) a une forme rectangulaire.

Dispositif d’antenne selon I'une quelconque des re-
vendications 1 a 11, caractérisé en ce que chaque
bras de dipdble (48, 49) a une forme triangulaire, la
largeur (w) de chaque bras de dipéle (48, 49) étant
la plus petite a I'extrémité formant point d’alimenta-
tion (50, 51) et croissant vers l'autre extrémité du
bras respectif (48, 49).

Dispositif d’antenne selon I'une quelconque des re-
vendications 1 a 11, caractérisé en ce que chaque
bras de dipble (48, 49) a la forme d'un secteur, les
bras de dipdle (52, 53) constituant les secteurs d’un
cercle etlalargeur (w) de chaque bras de dipdle (52,
53) étant la plus petite a I'extrémité formant point
d’'alimentation (54, 55) et croissant vers l'autre ex-
trémité du bras respectif (52, 53).
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15. Dispositif d’'antenne selon I'une quelconque des re-
vendications 1 & 11, caractérisé en ce que la lar-
geur (w) de chaque bras de dipdle (56, 57) est la
plus petite a I'extrémité formant point d’alimentation
(58, 59) et croit vers l'autre extrémité du bras res- 5
pectif (56, 57), mais atteint son maximum avant d’at-
teindre ledit autre bord de chaque bras de dipdle (56,

57).
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